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ABSTRACT 

We present a spectroscopic study of the N159/N160 massive-star forming region south of 
30 Doradus in the Large Magellanic Cloud, classifying a total of 189 stars in the field of the 
complex. Most of them belong to O and early B spectral classes; we have also found some 
uncommon and very interesting spectra, including members of the Onfp class, a Be P Cygni star, 
and some possible multiple systems. Using spectral types as broad indicators of evolutionary 
stages, we considered the evolutionary status of the region as a whole. We infer that massive 
stars at different evolutionary stages are present throughout the region, favoring the idea of a 
common time for the origin of recent star formation in the N159/N160 complex as a whole, while 
sequential star formation at different rates is probably present in several subregions. 



Subject headings: Magellanic Clouds 
stars: classification, early-type 

INTRODUCTION 



HII regions — individual:(N159/N160) — galaxies: starburst 



The N159/N160 complex comprises a star- 
forming region located in the Large Magellanic 
Cloud (LMC), approximately 600 pc in projec- 
tion south of 30 Doradus. The complex extension, 
from north to south is approximately 15' (225 pc) 
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(jNakaiima et al.ll2005h . Several reasons motivate 
the present study of the N159/N160 complex. The 
most important to mention are: 

1. The whole complex is populated by young 
massive stars and it presents numerous fea- 
tures characteristic of active star formation. 

2. Its distance (approximately 50 kpc for the 
LMC) is small enough to permit the study 
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of individual objects (small scale), but also 
large enough to allow a broad view of the 
distribution of stars and interstellar matter 
over the whole complex (large scale). 

3. There has been little spectral classification 
study of stars within the complex. Aside 
from a few conspicuous objects, spectral 
classes of individual stars have been inferred 
only from photometry or indirectly from UV 
photon fluxes. 

The whole complex has been widely observed 
and studied at different frequencies. The Hn 
regions in N1 59 /N160 were f ir st ca talogued by 
HenizeJ (jl956l) . iGatlev et all (|l98ll) discovered 



the first extragalactic protostar in this c o mplex , 
and the same year, ICaswell fc Havnesl (|198lh 



found the first Type I extragalactic OH maser. 
Yamaguchi et alj (|200lh performed a global study 
of CO in the LMC, focused on giant molecular 
clouds and their association with young objects, 
and they found a compact group of the youngest 
clusters (f <10 Myr) located near N159 while 
those with ages between 10 and 30 Myr extend 
to the northern part of the complex (between 
30 Dor and N159). Candidate Herbig Ae/Be 
and OB stars w ere d etected in N159/N160 by 
Nakaiima etaH (|2005h . who found indications 
of sequential cluster formation within the com- 
plex and, on a major scale, from N160 to N159S. 
These authors also suggest a scenario for sequen- 
tial formation. There are numerous studies on 
subregions within the complex. Most of them 
foc used on N159 or part o f it, as did, for exam- 
ple Deharveng et al. ( 1992 ). Deharveng fc Caplanl 
il992j), who "obtained UBVRI, Ha, H/3, and 
[O III] photometry of N159A. Ad ditional JHK stel- 



lar ph otom etry is available from Mcvna dier et al 
(|2004T l and lHevdari-Malaveri fc Testorl (jl982T l ob- 



served at Ha, Hf3, and [Oiii]; UBVI stellar pho- 
tometry of the whole region can be found in 
the Magellani c Clou d s Photometri c Surv ey by 
Zaritskv et all (|2004[) . iBolatto et ail (|2000l ) stud- 
ied the carbon in the gaseous phase of the whole 
complex; the authors described N159/N160 as 
composed of three distinct and well separated re- 
gions, aligned from north to south, N160 lies in 
the northern part, N159 is at the center, and 
N159S is in the southern part, and they support 
the idea that different stages of stellar forma- 



tion are being observed in these regions, which 
would be currently active in N159, while not yet 
present in N159S. However, the stellar component 
of the region has been the subject of independent 
studies using various techniques and covering dif- 
ferent subregions. This circumstance might be 
biasing the global interpretation of what is tak- 
ing place in this vast star-forming region. We 
have therefore conducted spectroscopic observa- 
tions and performed a preliminary analysis of stars 
in the N159/N160 complex as a contribution to a 
better understanding of the star forming history 
of the region. 

Section 2 contains a description of the observa- 
tions, data processing and reductions. In Sec- 
tion 3 we present the spectral classification as 
well as comments on some individual interesting 
spectra. Section 4 presents a brief discussion and 
interpretation of the data. An Appendix sum- 
marizes the most important classification criteria 
and the meaning of special characters used in some 
spectral types. 

2. OBSERVATIONS, DATA PROCESS- 
ING AND REDUCTIONS 

2.1. Spectroscopic Observations 

The images were taken during two consecutive 
nights in 2003 November, at the Las Campanas 
Observatory (LCO), Chile, with the 2.5m Irenee 
du Pont telescope and the Wide Field Reimag- 
ing CCD Camera, in the multi-object spectro- 
scopic mode. The detector was a Tek#5 CCD 
with 2048x2048 (24 /jm) pixels providing images 
of 25 arcmin diameter at a scale of 32.3 arcsec mm 1 
(0.774 arcsec pixel" 1 ). The H&K grism, centered 
at 3700 A, was used resulting in spectrograms with 
reciprocal dispersion of 1.3 A px -1 and ~ 3.1 A res- 
olution. We used nine different slit masks group- 
ing stars of similar brightness, selected in order 
to produce the minimum overlapping among the 
resulting spectra. Each mask has an average of 
25 slits of variable length and 1 arcsec wide. The 
number of spectra obtained in each mask depends 
on the number of stars falling in each slit. In- 
dividual exposures were 1200 s long; two or three 
exposures were taken for each slit mask to combine 
into the final spectra. 
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2.2. Source Selection 

No optical photometry was available at the time 
the multislit masks were made, therefore program 
stars were selected from colors calculated from 
their Two Micron All Sky Survey (2MASS) JHK 
photometry. We derived an IR analogue to the Q 
parameter; Q m = (J-H)-(H-K)Ej_ H /E H _ K . 
Although we were aware that infrared photome- 
try is even less sensitive than UBV ior early- type 
stars, this parameter has behaved well in detect- 
ing OB stars in the area. Astrometry was derived 
using a set of stars common to our acquisition im- 
ages and the 2MASS catalog. 

2.3. Data Processing and Reductions 

The data were reduced using the IRAF0 soft- 
ware package at the La Plata Observatory. The 
bias level was removed but the images were not 
divided out by flat fields because the quartz lamp 
exposures were obtained with the multislit masks 
in and adjacent spectra slightly overlap each other. 
The subtraction of background nebular emission 
was not trivial in some of the spectra. Two situa- 
tions are worth mentioning to illustrate this point: 

1. In our multi-object spectroscopy masks sev- 
eral stars did not fall in the center of the 
slit, but rather near one of the ends, mak- 
ing it difficult to take a background sample 
large enough to be properly removed. This 
results in background contamination that is 
not easy to remove due to the fact that the 
nebular background emission in which the 
program stars are immersed is bright and 
highly variable on small spatial scales. Many 
of these are stars that were not originally 
included in the program but showed up as 
bonus spectra in program star slits. 

2. Because the spectra are slightly curved along 
the dispersion direction, some spectra from 
consecutive slits are overlapped. This con- 
tamination from other slits prevented us 
from obtaining a proper sample of adjacent 
background emission. 

These are the reasons that in some of the spectra 
presented the background nebular emission is no- 



ticeable, although in most cases it does not affect 
the spectral classification. The signal-to-noise ra- 
tio (S/N) covers a range from 20 for the noisier 
spectra to 210 for those of best quality. The his- 
togram distribution among these values is nearly 
flat. 

3. RESULTS 

3.1. Spectral Classification 

The spectra were classified mainly following 
the criteria of the Digital Atlas of Optical Spectral 
Class ification of OB Stars (jWalborn fc Fitzpatrick 
1990). Other sources were consulted for some par- 



ticular spectra, am ong them are the Digital Atla s 
of Peculiar Spectra ( Walborn fc Fitzpatrickll2 000). 
the Spect ral Classification Sys tem for the Earliest 



O Stars (|Walborn et all 120021 ) and R. O. Gray's 



Digital Atlas of Spectral Classification 0. In Fig- 
ure Set 1, the best quality spectra from our data 
set arc presented, ordered by sequence of spectral 
type and luminosity class. In Table [1] all the stars 
for which we obtained a spectral classification are 
listed, along with their J20 00 celestial coo r dinate s 
and V magnitudes from IZaritsky et al.1 (J200J). 



Correlation between our star list and the photo- 
metric catalog was made by coordinates and we 
exclude magnitudes for three stars that seem to 
be misidentified: star 1 is very close to the limit of 
our field image and stars 41 and 42 are very close 
together, immersed in a bright background. In Ta- 
ble we have listed our program stars that had 
already been classified by other authors. As men- 
tioned in the introduction, only a few of the stars 
in our sample have previous spectral classifications 
based on spectroscopic observations, although 
many of them ar e inclu d ed in several studies, see 
iMevnadier et all (120041); Dcgioia-Eastwood et al 



(1993); Hevdari-Malaveri et alj (|2002[ ): l Jones et al. 
(120051) among others. As can be seen, only nine 
stars were included in ISanduleakl (Il970h and the 
spectral class given is no more precise than "OB" 
type, except for star 7. A few stars were also 
found in common with other catalogs of spectral 
classification through careful review of finding 
charts, since the difference in accuracy between 
the 2MASS coordinates and those in old catalogs 
made it impossible to search objects by coordi- 



1 IRAF is developed and distributed by NOAO, operated by 
AURA, Inc., under agreement with the NSF. 



2 http: / /nedwww. ipac.caltech.edu/level5/Gray/frames. html 
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nates. 

3.2. Comments on Individual Interesting 
Spectra 

Star 33 (Figure 8) has a peculiar spectrum, 
which was classified as 09.7 Iabpe. It presents 
emission at H7 and all the lines appear peculiarly 
weak for a supergiant star. 

Star 35 (Figure 9) is a widely studied object 
because it is the optical counterpart to t he X-ray 
source LMC X-l. iHutchings etahl (|l983h found it 
to be an 07 star with a binary period of approx- 
imately 4 days; they also suggested that the sec- 
ondary could be a black hole . It was later classified 
as 07- 9 III bv lPakullI (|l984h and lBianchi fc Pakull 
(jl985l ). We find a type of 08(f)p, where the pecu- 
liarity refers to the reversed He 11 A4686 emission. 
For this reason it has been associated with the 
Onfp class by Walborn et al. (2009, in prepara- 
tion), of which the He 11 profile is a defining char- 
acteristic, although in this object the absorption 
lines are not broadened, and the He 11 profile may 
be related to the X-ray binary system. 

Star 37 (Figure 4) was classified as 08 here, al- 
though ICojrtL^l^itzpj^trickJ (|199ll ) classified it as 
03-06, based on the presence of He 11 AA4200, 
4541, 4686 absorption lines and possible Nin 
AA4634-40-42 emission lines. The stellar Hei ab- 
sorption lines were obliterated by the very strong 
nebular emission lines in their observation. For 
our classification we used mainly the ratios of He 11 
A4541 /He 1 A4387 and He 11 A4200/ He 1 A4144. We 
also used the oversubtracted nebular [O III] A4363 
line present in the final spec trum to estimate t he 
nebular oversubtraction (see Bosch et alj ( 19991 )). 
We found a correction of less than 15%, which 
indicates that the stellar Hei A4471 absorption 
is indeed deeper than He 11 A4541. In addition, 
the Cm A4070 absorption blend is present. All 
of these considerations indicate that the spectral 
type of star 37 must be closer to 08. Unfortu- 
nately, our wavelength coverage for this object did 
not allow us to check for the presence of N Hi emis - 
sion, as suspected bv IConti fc Fitzpatrickl ( 199lh . 
The luminosity class could not be assessed due to 
the lack of the Hen A4686 line. 

Star 38 (Figure 17) is a B3 supergiant that 
at one time was also a candidate for identifica- 
tion with LMC X-l. Fortunately, the weak Hen 



A4686 emission seen in high S/N digital data 
was not visible in the early observations, or this 
misi dentification would ha ve been considered defi- 
nite! iRamsev et all (|2006l) have clearly shown that 
this anomalous emission feature actually arises in 
an unusual high-ionisation nebulosity in the field, 
which may be related to the X-ray source. 

Star 39 (Figure 8) was classified as 09.7 Ia+pe. 
It is certainly an unusual spectrum, probably 
related to the Ofpe/WN9 or WNL class. See 
for comparison the spectrum of HD 152408 



(Wal born et alJ l2000h . However, these charac- 



teristics have not been seen before at such a late 
O type. 

Star 41 (Figure 1) is the hottest star we have 
found among the sample. It was classified as 
03 Vz((f*)), although the z nature (He 11 A4686 
absorption stronger than other He lines, possibly 
an indicator of subluminosity and extreme youth) 
is marginal. N III AA4634-40-42 and N iv A4058 are 
clearly detected in emission and N v AA4604-20 ab- 
sorption lines are also present. Siiv AA4089-4116 
seem to be in emission but the features are not 
conspicuous. 

Star 93 (Figure 10) was classified as BNOIabp 
due to enhanced Nin and defi cient C and O 
lines, characteristic of OBN stars ( Walbornlll971aL 
1976J). The additional peculiarity is the presence 
of P Cygni profiles at H7 and He 1 lines. 

Star 179 (Fig. 10) was classified as BlaeP Cyg. 
The P Cygni features can be seen in He and 
H(5, but not in H7 which is totally in emis- 
sion. This object is quite si milar to HD 87643 
(jWalborn fc Fitzpatrickl 120001 ). which belongs to 
the group of Iron Stars, of which r/ Carinae is the 
most famous member. 

Stars 54, 70, 76, 107, and 112 (Figure 20) show 
either anomalously broad or asymmetric profiles 
in their absorption lines, suggesting a possible bi- 
nary nature. The wavelength resolution does not 
allow us to reliably analyse radial velocity informa- 
tion. Higher resolution spectra would be needed 
to assess the possibility of these being SB2 stars. 

Stars 72, 82, and 151 (Figu re 9) belong to the 
Onfp category (jWalborn I1973I) . In their spectra 
the broad emission in He 11 A4686 with absorption 
reversal can be observed (see Appendix). Stars 72 
and 82 are also denoted with "+" due to Siiv 
A4116 emission; they also present Cm A4650 in 
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emission. A luminosity class cannot be inferred 
for these stars because of the peculiar He n A4686 
profiles (Walborn et al. 2009, in preparation). 

3.3. Discussion 

30 Doradus is the current optical "hotspot" 
near the northeastern edge of a much larger, oval 
region several kpc in diameter, itself northeast of 
the LMC Bar, in which star formation has been 
active for at least 10 s yr. This region contains 
half the WR content of the LMC, numerous young 
clusters of various ages, many red supergiants, and 
SN 1987A. The field south of 30 Dor is partic- 
ularly rich in clusters, associations, and nebulae, 
including the N159/N160 complex studied here. 
This field also contains the most massive CO con- 
centrations in the LMC, so it may be expected 
that in a few million years 30 Dor's successor will 
appear there. In order to analyse the current, 
global evolutionary trends within the N159/N160 
complex, the observed stars have been grouped 
following qualitati ve criteria based o n thos e de- 
fined and used in Wal born fe Blades! (Il997h : sec 



also Bosch et al. ( 19991 ). We have defined three 
groups of spectral types and luminosity classes. 
These groups comprise distinct age ranges in mas- 
sive stellar evolution. Then from the total of 189 
spectra in the field of N159/N160, we have se- 
lected those that belong to one of the following 
three groups. 

• Young phase: 03-5 V-I and O Vz. 

• Middle-age phase: 06-9 V-I and B0 I. 

• Evolved phase: BO-2 V-III and Bl-8 I. 

Of course, some of the main-sequence stars in the 
second and third groups could actually belong to 
the younger ones, but this grouping is a first ap- 
proximation for our purposes. The three groups 
are plotted in a direct image of the field in Figure 
[12 [H [21 and [H with different symbols for each. 
If a global sequential star formation process were 
taking place (as suggested by CO studies men- 
tioned in Section 1 and also studies of neighb oring 
regions like N158 (|Testor fe Niemelal Il998h ). we 
would expect to find systematic trends in the ob- 
ject distribution according to their evolutionary 
stages. Indeed, there is evidence for such effects 
in Figure [2TJ there is a clear tendency for the two 



younger phases to be associated with the nebulae 
and clusters, while the majority of the third phase 
are in the dispersed northeast quadrant of the 
field, which is devoid of nebulosity. On the other 
hand, young phase objects are found in the north- 
ern part of the complex (N160) as well as in the 
southern part (N159), while some more evolved 
objects also appear in the latter. Of course, we 
are looking at a two-dimensional projection of 
three-dimensional structures. It is quite likely 
that the younger concentrations are embedded in 
and/or projected against a field of more evolved 
and dispersed objects, just as occurs in 30 Dor it 



and dispersed objects, m st as occurs m du Dor it- 
self dWalborn fc Bladejll997t ISelman et al1 fl999) . 



Also, some isolated very young objects may be 
runaways from the young clusters. Our data favor 
a scenario in which star formation was initiated 
throughout the region, perhaps in the event pro- 
ducing the kpc-scale structure noted above, and 
that this strong burst led to subsequent, localized 
star-formation events wherever sufficient rema- 
nent molecular material was available, in an on- 
going process that continues at the present time. 
This scenario is in good agreement with other 
studies of subregions in the N159/N16 com- 



plex, as in iHevdari-Malaveri et al. (|2002l) where 



the presence of compact high-excitation H n blobs 
demonstrates that this is indeed a very young sub- 
region likely containing different (early) evolution- 
ary stages. Stellar spectra alone do not provide 
the definitive ages that are required to construct a 
quantitative star formation history of the region. 
A complete photometric study will be essential 
to disentangle the overlapping populations and 
their extinctions. Such data are available from 



Zaritskv et alj (|2004l ) and will be extended by 
new observations we are currently undertaking. 
Subsequently, we shall undertake a more detailed 
analysis including H-R diagrams and comparison 
with the extensive Ha, IR, and CO observations 
available for this region. 

We acknowledge comments by referee Dr. Mar- 
garet Hanson which improved the presentation 
of this paper. This researc h has made use of 
Aladin ((Bonnarel et alJ l2000h and the SIMBAD 
database, operated at CDS, Strasbourg, France. 
For this publication we had made use of NASA's 
Astrophysics Data System as well as data products 
from the Two Micron All Sky Survey, which is a 
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the National Aeronautics and Space Administra- 
tion and the National Science Foundation. Fi- 
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PIP 5697-CONICET. R. B. acknowledges partial 
support from Universidad de La Serena, Project 
DIULS CD08102. N. W. acknowledges support 
from the STScI Director's Discretionary Research 
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A. CLASSIFICATION CRITERIA FOR OB STARS 



General remarks. For spectral types from 03 to BOV, the principal horizontal (spectral type or temper- 
ature) classification criteria are Hen A4541/Hei A4471 and Hen A4200/Hei (+Heii ) A4026. At the later 
types Hen A4541/Hei A4387 and Hen A4200/Hei A4144 are useful checks, since the former ratios become 
very small (but the latter ratios are also sensitive to luminosity). 

For early B-type spectra, the principal horizontal classification criterion shifts from the He ionization ratio 
to those of Si, first Sim A4552/Siiv A4089 and then Sin AA4128-4130/Sim A 4552. 

In O-type spectra (earlier than 09) , luminosity class V is defined by He n A4686 strongly in absorption, class 
III by weakened absorption in that line, class lb by an absent or neutralized line (filled in by emission), and la 
(or just I at the earliest types) by this line in emission above the continuum. Note that there are differences 
of detail in this sequence as a function of the spectral type; the two-dimensional types are ultimately defined 
by the standards. The designation Vz corresponds to spectra with Hell A4686 absorption stronger than 
any other He lines, possibly indicating subluminosity and extreme youth (on or near the Zero-Age Main 
Sequence). 

Concerning the different flavors of "f" effects. Of supergiants: strong Hen A4686 and Nlll AA4634, 4640-42 
emission lines (Walborn 1971b). f+ denotes spectra in which Siiv AA4089,4116 are present in emission 
(sometimes only the latter is visible due to cancellation of absorption and emission in the former). This 
category does not include objects in which the intense lines are of P Cygni type (Walborn & Fitzpatrick 
2000 ) . f* means that N IV A4058 e mission is stronger th an Nlll A4640, and is characteristic of 02-03 spec- 
tra ( Walborn fc Fitzpatrick! Il990l : IWalborn et al. 2002 ). Onfp Stars are characterized by broad, centrally 
reversed Hen A4686 emission, together with broadened absorption lines. There is a range in profiles from 
strong absorption with very weak emission wings to strong emission "split" by a weak absorption feature. In 
some cases the two emission wings are unequal in intensity. These effects may be related to rapid rotation 
and/or a disk structure. Only a few of these objects are known and most of them are found in the Magellanic 
Clouds ( Walborn (1973); Walborn et al. 2009, in preparation). In main-sequence stars (luminosity class V), 
((f)) is used to denote strong Hell A4686 absorption accompanied by weak Nm AA4634, 4640-42 emission. 
In the intermediate luminosity classes, (f) is used when the Hen A4686 absorption weakens and may become 
neutralised by emission, while the Nlll emission strength in creases. Finally, Of supergiants have both Hen 
and N in strongly in emission (|Walborn k Fitzpatricklll990h . 

Additional notes. The "n" parameter describes the degree of broadening of the spectral lines. The symbol 
((n)) indicates that the lines of Siiv A4116 and Hei A4121 are just merged (at ~ 1 A resolution), and 
(n) represents an intermediate case betwee n that and the b roadening in the n spectra. High rotational 
velocities are associated with this behavior ( Walborn 1971bl ). A ":" after the spectral type or luminosity 
class denotes, as usual, that an accurate classification cannot be given due to one of several reasons, e.g., 
incomplete wavelength coverage, low S/N, uncertain continuum normalization. 

In addition to the [O in] and H I lines, several He and Ne nebular lines are present in the observed spectra. 
Among these, the Hei A4471 line is particularly important, as the corresponding stellar absorption line 
constitutes one of the principal horizontal classification criteria for O stars (Hen A4541/Hei A4471 ratio). 
Therefore, in some cases in which the nebular background emission could not be totally removed from the 
stellar spectra, a less accurate classification was achieved. 
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Table 1 

Spectral classification of 189 stars 



ID a (J2000) 5 (J2000) Spectral Type V 



1 


5:37:40.96 


-69:48:32.9 


09 




2 


5:37:44.94 


-69:41:59.1 


AO V 


14.1 


3 


5:37:57.45 


-69:38:16.0 


A5 V 


19.1 


4 


5:37:59.60 


-69:41:13.0 


B2.5 V 


17.2 


5 


5:38:14.05 


-69:38:18.1 


Bl-3 V 


19.2 


6 


5:38:20.28 


-69:44:40.6 


F0 lb 


16.4 


7 


5:38:26.73 


-69:45:52.3 


AO lb 


10.9 


8 


5:38:32.13 


-69:37:10.4 


G5 V 


15.6 


9 


5:38:32.26 


-69:35:41.5 


BO-2 V 


18.3 


10 


5:38:41.65 


-69:35:44.1 


A3 III 


15.6 


11 


5:38:42.97 


-69:35:42.8 


A5 III 


16.2 


12 


5:38:50.23 


-69:46:47.9 


A3 III-II 


14.4 


13 


5:38:55.01 


-69:38:47.4 


AO III— lb 


14.2 


14 


5:38:57.31 


-69:47:57.8 


GO-3 V 


15.7 


15 


5:39:02.25 


-69:39:54.8 


GO V 


13.3 


16 


5:39:08.92 


-69:42:52.4 


Bl Vn[e] 


15.0 


17 


5:39:11.86 


-69:42:20.0 


GO V 


15.0 


18 


5:39:17.72 


-69:42:42.1 


GO-3 V 


16.6 


19 


5:39:18.93 


-69:36:58.2 


B0.7 lb 


14.2 


20 


5:39:19.68 


-69:40:13.2 


Bl-2 V 


17.3 


21 


5:39:25.74 


-69:42:42.7 


AO V 


17.7 


22 


5:39:30.42 


-69:36:37.5 


GO V 


15.7 


23 


5:39:30.69 


-69:39:12.3 


08 Vz 


14.5 


24 


5:39:32.37 


-69:40:12.6 


B2-3 V 


16.7 


25 


5:39:32.66 


-69:39:18.2 


06.5 Vz 


14.5 


26 


5:39:34.29 


-69:42:50.5 


07 Vz 


15.3 


27 


5:39:34.90 


-69:39:22.7 


08.5 V((f)) 


14.6 


28 


5:39:35.61 


-69:39:12.5 


08-8.5 V 


14.7 


29 


5:39:36.21 


-69:37:13.7 


09-9.5 III-II 


15.8 


30 


5:39:36.51 


-69:39:24.1 


BO V 


15.1 


31 


5:39:36.86 


-69:39:20.6 


Bl-2 V 


16.6 


32 


5:39:37.17 


-69:43:45.4 


BO la 


14.4 


33 # 


5:39:38.48 


-69:38:23.5 


09.7 Iabpe 


14.0 


34 


5:39:38.50 


-69:36:52.3 


G5 V 


14.4 


35 # 


5:39:38.88 


-69:44:35.6 


08(f) P 


14.6 


36 


5:39:40.04 


-69:43:52.2 


G8 V-III 


13.9 


37 # 


5:39:40.09 


-69:46:19.6 


08 


13.0 


38 # 


5:39:40.09 


-69:44:33.7 


B3 1(a) 


12.1 


39 # 


5:39:40.80 


-69:38:33.7 


09.7 Ia+pc 


13.0 


40 


5:39:41.61 


-69:44:20.8 


06.5 V 


14.7 


41 # 


5:39:43.9 


-69:38:42.9 


03 Vz((f*)) 
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Table 1 — Continued 



1 1 X 

ID 


a (J2000) 


o (J2000) 


Spectral lype 


T 7 

V 


42 


5-39-44 17 


-69-38-40 9 


06: Vz 




43 


5:39:44.41 


-69-38-40 


08-9 V 


13.8 


44 


5-39-44 52 

• / . t / ■ / ■ X X . ' / — 


-69-39-12 


Bl-3 III 


15.6 


45 


5-39-44 94 

• / . T / */ • X x > - / 1 


-69-39-00 8 

V / • ! . T / v/ . V / V / . V. I 


08-8 5 Vz 


13.6 


46 


5-39-44 96 


-69:44:21.0 


B2-3 III 


17.9 


47 


5-39-46 12 


-69-43-57 1 


06 VziYfn 

V/U V Zj I 1 J. 1 1 


14.3 


48 


5-39-46 14 

• / . t / ■ / ■ i v/ • x i 


-69-38-52 9 


04-6 Vz 


13.8 


49 


5-39-46 80 

• / .//-./ • i v/ ■ v. > v / 


-69-39-12 5 

V/ • J . r / * / . 1 • ' / 


06 V 


14.8 


50 


5-39-49 67 


-69-49-19 8 


Bl-2: 


16.5 


51 


5-39-50 07 


-69-39-35 9 


09 V 


14.8 


52 


5-39-50 25 


-69-43-54 


Bl.5-2 V 


15.2 


53 


5:39:50.40 


-69:38:18.3 


06: V 


15.3 


54 4t 


5-39-51 13 

• / . '.7 - ' • • 7 1 ilU 


-69:44:22.2 


04-6 Vn SB2 ? 

V./ J- \J V 11 1 /* ^ ■ 


14.4 


55 


5-39-52 47 


-69-40-38 9 

V / • .' . IV/ ■ ' / L / - - J 


BO. 5-1 V 


14.4 


56 


5-39-52 69 

• / • // »/ ■ • 7 ■ \/ » / 


-69-44-05 4 

\ 7 • ' . X X ■ VI'./ . 1 


09 5 V-III 

v./ - / - '/ v xxx 


15.8 


57 


5-39-52 74 


-69-45-46 8 


08 


14.4 


58 


5-39-54 30 


-69-39-33 9 


07 5 nifffn 

V./ 1 • ' J 1111 \ A M 


14.4 


59 


5:39:55.00 


-69:44:25.8 


06 111(f) 


14.3 


60 


5-39-55 89 

• / . t / - / ■ • 7 • / ■ V. / - / 


-69-39-14 9 

V / r / . f / - / . X 1 • - / 


Bl V 


16.4 


61 


5-39-56 41 


-69-38-59 6 


09-9.5 V 


15.1 


62 


5-39-57 09 


-69-43-53 3 


Bl-2 IV-II 


17.8 


63 


5-39-57 35 


-69-38-59 4 

V / r / . t / V. / . / - / . 1 


09 V 


15.5 


64 


5:39:57.63 


-69:39:14.8 


Bl V 


15.3 


65 


5-39-57 94 


-69-46-03 2 

\ 7 • ' . 1 v/ . v / • / . 


B2 V 


16.5 


66 


5-39-58 74 


-69:44:04.1 


08 5 IIlYf) 1 ) 

V./ L7 ■ 111 l -I 1 1 


12.5 


67 


5-39-58 93 


-69-39-25 4 


07 Vn 


13.9 


68 


5-39-58 95 


-69-43-51 8 


07 Vz 


15.2 


69 


5:39:59.28 


-69:43:57.7 


09.5 IV-III 


14.5 


70 # 


5:39:59.29 


-69:40:19.3 


09 Vn SB2 ? 


14.7 


71 


5:39:59.30 


-69:40:53.3 


09.5 V 


15.5 


72 # 


5:39:59.81 


-69:36:10.6 


06n(f+)p 


13.7 


73 


5:40:00.28 


-69:40:21.7 


06: III: 


13.2 


74 


5:40:00.50 


-69:42:14.6 


FO la 


14.3 


75 


5:40:00.88 


-69:41:09.8 


09 V 


15.1 


76 # 


5:40:01.05 


-69:34:52.8 


A I+B ? 


12.7 


77 


5:40:01.1 


-69:46:02.5 


07 f/(f) 


14.0 


78 


5:40:02.38 


-69:40:59.1 


B3-5 III 


16.8 


79 


5:40:03.06 


-69:43:52.1 


B8-9 V-III 


17.2 


80 


5:40:03.23 


-69:40:58.7 


B3-5 V-III 


17.1 


81 


5:40:04.07 


-69:43:51.7 


07n 


14.2 


82 # 


5:40:04.62 


-69:39:50.6 


05n(f+)p 


12.4 
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Table 1 — Continued 



ID a (J2000) S (J2000) Spectral Type V 



83 


5 


:40: 


:04 


.68 


-69: 


:39: 


:20 


.0 


Bl-1.5 V 


16 


.9 


84 


5 


:40: 


:04 


.85 


-69. 


In 


:59 


.1 


B1.5— 2 II 


14 


.5 


85 


5 


:40: 


:05 


.54 


-69 


:39: 


:18 


.9 


B1.5 II 


14 


.9 


86 


5 


:40: 


:05 


.59 


-69. 


:46: 


:05 


.4 


BO. 5-1 III 


15 


.1 


87 


5 


:40: 


:06 


.83 


-69: 


I") 


:42 


.9 


07 V: 


13 


.9 


88 


5 


:40: 


:08 


.18 


-69 


:39: 


:17 


.2 


04 111(f) 


13 


.6 


89 


5 


:40: 


:09 


.07 


-69 


:47: 


:00 


.1 


09 


15 


.9 


90 


5 


:40: 


:08 


.83 


-69: 


:40: 


:22 


.1 


06: Vzn 


15 


.1 


91 


5 


:40: 


:09 


.45 


-69: 


In 


:18 


.0 


08-8.5 V 


13 


.6 


92 


5 


:40: 


:10 


.56 


-69: 


In 


:17 


.8 


Bl V 


14 


.2 


93 # 


5 


:40: 


:12 


.80 


-69 


:34: 


:54 


.6 


BNO Iabp 


12 


.5 


94 


5 


:40: 


:13 


.43 


-69: 


:34: 


:45 


.2 


09.7 lb 


12 


.8 


95 


5 


:40: 


;13 


.48 


-69: 


:43: 


:50 


.3 


K5 V 


14 


.5 


96 


5 


:40: 


:14 


.04 


-69 


:38: 


:06 


.7 


09.5 V(n) 


14 


.8 


97 


5 


:40: 


:14 


.26 


-69. 


:42: 


:59 


.3 


BO. 2-0. 5 V 


15. 


,1 


98 


5 


:40: 


:15 


.60 


-69 


:36: 


:57 


.5 


08 II((f)) 


13 


.9 


99 


5 


:40: 


:17. 


.45 


-69: 


:46: 


:24 


.1 


06: 


14 


.8 


100 


5 


:40: 


:17 


.85 


-69 


:38: 


:02 


.4 


G5 V 


16 


.2 


101 


5 


:40: 


:17 


.91 


-69: 


:37: 


:06 


.8 


06 Vz((f)) 


14 


.2 


102 


5 


:40: 


:18 


.32 


-69 


:36: 


:33 


.4 


08.5-9 III 


13 


.9 


103 


5 


:40: 


:18 


.36 


-69: 


:37: 


:17 


.3 


B2.5 V 


15 


,4 


104 


5 


:40: 


19 


.32 


-69: 


:37: 


:07 


.0 


08.5 III-II((f)) 


13 


.8 


105 


5 


:40: 


:19 


.64 


-69: 


:40: 


:07 


.5 


09.5 V 


15 


.6 


106 


5 


:40: 


:20 


.21 


-69 


:40: 


:31 


.8 


08-8.5 Vz 


15. 


.3 


107 # 


5 


:40: 


:20 


.58 


-69: 


:39: 


:01 


,0 


06 Vn SB2 ? 


14 


.5 


108 


5 


:40: 


:20 


.90 


-69 


:40: 


:19 


.1 


BO-0.2 V 


15 


.3 


109 


5 


:40: 


:20 


.93 


-69 


:37: 


:18 


.6 


B5 III I 


16. 


.2 


110 


5 


:40: 


:23 


.64 


-69 


:37: 


:43 


.4 


B5-8 V-III 


18. 


.1 


111 


5 


:40: 


:24 


.75 


-69: 


:40: 


:13 


.2 


06: Vz 


12 


.4 


112 # 


5 


:40: 


:24 


.78 


-69: 


:37: 


1 1 


.0 


B2-2.5 SB2 ? 


15. 


.3 


113 


5 


:40: 


:25 


.00 


-69. 


:41: 


:59 


.0 


BO. 5-1 V 


15. 


.3 


114 


5 


:40: 


:25 


.20 


-69: 


:34: 


:57 


.5 


09.5 lb 


13 


.8 


115 


5 


:40: 


:25 


.98 


-69: 


:35: 


12 


.3 


Bl lb 


14 


.0 


116 


5 


:40: 


:26 


.18 


-69: 


:41: 


:32 


,4 


06.5 Vz 


15 


.0 


117 


5 


:40: 


:28 


.03 


-69 


:36: 


12 


.2 


06.5 Vz 


14 


.3 


118 


5 


:40: 


:28 


.19 


-69 


:35: 


13 


.7 


06-7: 


16. 


.3 


119 


5 


:40: 


:28 


.38 


-69. 


:43: 


:37 


.6 


08-9 V 


14. 


.9 


120 


5 


:40: 


:29 


.68 


-69: 


:45: 


:16 


.7 


BO V 


15. 


.9 


121 


5 


:40: 


:30 


.46 


-69: 


:37: 


:02 


.3 


Bl-1.5 III-II 


15. 


.1 


122 


5 


:40: 


31 


.32 


-69 


:35: 


:02. 


.8 


B2 V 


15. 


.6 


123 


5 


:40: 


33 


.42 


-69: 


:35: 


:04 


.8 


Bl-1.5 III-II 


14. 


.3 
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Table 1 — Continued 



ID a (J2000) S (J2000) Spectral Type V 



124 


5 


:40 


:34 


.77 


-69: 


:39: 


:40 


.3 


B4 III-I 


13. 


1 


125 


5 


:40 


:35 


.53 


-69 


:36: 


:10 


.4 


B5 V 


18, 


1 


126 


5 


:40 


:37 


.28 


-69: 


:35: 


:23 


.0 


BO. 7 lb 


13, 


.8 


127 


5 


:40 


:38 


.58 


-69 


:34: 


:25 


.4 


B2 V 


15, 


1 


128 


5 


:40 


:39 


.62 


-69: 


1 1 


:32 


.2 


KO V 


15, 


,4 


129 


5 


:40 


:40 


.30 


-69 


:36: 


:42 


.9 


BO-1 V 


15. 


6 


130 


5 


:40 


:41 


.56 


-69 


:37: 


:33 


.0 


08 Vz 


14. 


,6 


131 


5 


:40 


:41 


.97 


-69 


I") 


:12 


.4 


F3 V 


13. 


3 


132 


5 


:40 


:44 


.96 


-69 


:38: 


:42 


.3 


F7 V 


12. 


,8 


133 


5 


:40 


:48 


.14 


-69: 


:43: 


:17 


.6 


06 V 


15. 


,2 


134 


5 


:40 


:48 


.33 


-69 


:39: 


:46 


.8 


Bl III 


15. 


,0 


135 


5 


:40 


:48 


.45 


-69: 


:49: 


:38 


.6 


B 


14, 


1 


136 


5 


:40 


:49 


.51 


-69 


:42: 


:41 


.9 


B2 II 


14. 


.6 


137 


5 


:40 


:50 


.26 


-69 


:38: 


:41 


.8 


B2 V 


14. 


,8 


138 


5 


:40 


:52 


.82 


-69. 


:40: 


:14 


.0 


B2 V 


17, 


,0 


139 


5 


:40 


:53 


.57 


-69: 


:43: 


:04 


.9 


G8 V 


14, 


,0 


140 


5 


:40 


:53 


.69 


-69: 


:40: 


:16 


.9 


BO. 2-0. 5 V 


15. 


2 


141 


5 


:40 


:53 


.72 


-69: 


:40: 


:13 


.1 


BO. 2-0. 5 V 


15. 


6 


142 


5 


:40 


:53 


.72 


-69. 


:47: 


:43 


.2 


GO V 


14. 


,8 


143 


5 


:40 


:54 


.86 


-69: 


:40: 


:37 


.5 


Bl-1.5 V 


14. 


,6 


144 


5 


:40 


:55 


.09 


-69: 


:42: 


:39 


.4 


AO III lb 


14. 


6 


145 


5 


:40 


:55 


.77 


-69: 


:39: 


:13 


.5 


08.5 Ib(f) 


14. 


,6 


146 


5 


:40 


:58 


.02 


-69: 


:48: 


:31 


.2 


BO-0.2 V-IV 


14. 


3 


147 


5 


:40 


:59 


.75 


-69: 


:38: 


:40 


.0 


BC1.5 lab 


12, 


,2 


148 


5 


:41 


:01 


.21 


-69: 


:37: 


:36 


.8 


Bl V 


15. 


1 


149 


5 


:41 


:04 


.74 


-69 


:37: 


:48 


.6 


Bl-1.5 V 


14. 


,8 


150 


5 


:41 


:06 


.48 


-69: 


:40: 


:21 


.6 


B1.5 lab 


13, 


,5 


151 # 


5 


:41 


:09 


.77 


-69 


:39: 


:15 


.8 


07n(f)p 


13, 


,2 


152 


5 


:41 


:11 


.29 


-69: 


:44: 


:31 


.1 


09 III 


13, 


,9 


153 


5 


:41 


:15 


.07 


-69: 


:36: 


:17 


.0 


B2 V 


15. 


9 


154 


5 


:41 


:16 


.18 


-69: 


:32: 


:31 


.9 


B7-8 V 


17. 


6 


155 


5 


:41 


:16 


.62 


-69: 


:36: 


:18 


.1 


Bl V 


17. 


1 


156 


5 


:41 


:17 


.12 


-69: 


:32: 


:33 


.1 


BO. 5-1 V 


14. 


,8 


157 


5 


:41 


:20 


.02 


-69: 


:42: 


:50 


.5 


FO V 


12, 


,9 


158 


5 


:41 


:20 


.04 


-69 


:36: 


:22 


.4 


B4 III-I 


11. 


.8 


159 


5 


:41 


:20 


.24 


-69 


:35: 


:59 


.8 


Bl V 


14. 


,8 


160 


5 


:41 


:21 


.40 


-69: 


:38: 


:49 


.4 


09.5 III 


14. 


.5 


161 


5 


:41 


:22 


.86 


-69: 


:47: 


:19 


.4 


GO V 


16, 


3 


162 


5 


:41 


:26 


.93 


-69: 


:36: 


:11 


.4 


Bl-2 III-I 


13. 


1 


163 


5 


:41 


:27 


.65 


-69 


:48: 


:03 


.0 


B2.5: la: 


17. 


,2 


164 


5 


:41 


:27 


.86 


-69: 


:36: 


:08 


.4 


B2 V 


16. 
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Table 1 — Continued 



IL) 


OL (JZVVV) 


x i Tonnn\ 

(JZVVV) 


Spectral lype 


T T 
V 


165 


5:41:28.05 


-69:38:06.4 


Bl.5-2 III II 


12.8 


166 


5:41:29.43 


-69:46:21.8 


09.7 II— lb 


12.3 


167 


5:41:30.44 


-69:36:18.7 


Bl II 


14.0 


168 


5:41:30.66 


-69:40:07.4 


09.7 lab 


12.6 


169 


5:41:30.97 


-69:39:59.7 


Bl IV 


16.2 


170 


5:41:32.68 


-69:40:01.9 


Bl III— II 


13.7 


111 


5:41:33.22 


-69:39:44.2 


BC1 la 


13.5 


172 


5:41:35.30 


-69:40:19.9 


Bl III— II 


15.0 


173 


5:41:35.54 


-69:35:57.7 


Bl la 


12.8 


174 


5:41:38.03 


-69:36:16.4 


B3-5 V-III 


18.4 


175 


5:41:38.85 


-69:40:07.4 


B0.5 IV 


15.2 


176 


5:41:39.22 


-69:49:24.2 


B2: III— II: 


12.7 


177 


5:41:40.08 


-69:39:50.8 


B1.5 lb 


13.7 


178 


5:41:40.98 


-69:39:50.8 


08.5-9 III 


13.6 


179 # 


5:41:43.71 


-69:37:37.4 


B Iae P Cyg 


14.1 


180 


5:41:44.00 


-69:41:24.6 


A III 


18.3 


181 


5:41:45.07 


-69:40:03.5 


F0 V 


14.4 


182 


5:41:58.26 


-69:39:50.1 


AO: V-III 


18.1 


183 


5:41:59.32 


-69:43:44.1 


A5 Il-Ib 


12.3 


184 


5:41:59.76 


-69:40:04.0 


Bl-2 V-IV 


17.0 


185 


5:42:01.00 


-69:39:48.5 


F5-G0 V-I 


19.1 


186 


5:42:04:36 


-69:39:48.8 


G8 V-III 


17.4 


187 


5:42:05.65 


-69:41:23.0 


B2-3 III 


17.2 


188 


5:42:05.95 


-69:40:04.1 


Bl-2 V 


17.6 


189 


5:42:10.13 


-69:38:45.8 


B3-5 V 


17.3 



Note. — Column 1 lists our internal nomenclature for the observed objects, objects are listed by R.A. 
Stars marked with have individual comments in Section 3.2. Celestial coordinates (J2000), obtained 
through 2MASS astrometry, are shown in Columns 2 and 3. Spectral c lassification from our data is given 
in Column 4. Column 5 shows, as a reference, V magnitudes from the Zaritskv et al.l ( 2004f ) photometric 
survey for all the objects, except for stars 1, 41, and 42 for which the catalog correlation was uncertain. 
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Table 2 

Stars with spectral classification found in the literature. 



ID 


Spectral Type (this work) 


Sanduleak (ID, Spectral Type) 


Spectral Type (Other) 


7 


A n TV. 

I\U ID 


qv an 9A9 ait 


I\ S 1111/ j 








A 9 Tan 1 A V \ 
i\a iau \i\ — i i 








Af) Ta (SI 


JU 


KJO(I)P 




Tj 1\T V_y A ± \ ±±V_> 1 








f|7 Q TTT fMP 

\J ( — y 111 l IVl_r -J3 1 


o / 


AO 
wo 




\Jo-\JO V J 




R3 Tfn"! 

-DO 11 d J 












B5+neb (R-P) 


66 


08.5 II((f)) 


Sk -69 257, OB 


BO. 5 (R-P) 








09 II (W) 


73 


06: III: 




Bl-2 (BI-263) 


82 


05n(f+)p 




OBO (BI-265) 








06 V (M) 


147 


BC1.5 lab 


Sk -69 268, OB 


B2.5 (P) 


150 


B1.5 lab 


Sk -69 269, OB: 


Bl III: (M) 


158 


B4 III I 


Sk -69 271, OB 


B2 (P) 








HXMB (L) 


163 


B2.5: la: 


Sk -69 274, OB: 


B2 la (A-P-R) 








Con (HD) 








B2.5 la (F) 


173 


Bl la 


Sk -69 275, OB 


B1.5 (P) 


176 


B2: III-II: 


Sk -69 277, OB 


B1.5 (P) 


183 


A5 Il-Ib 




A5 (HD) 








A5 I (P) 



Note. — Column 1 identifies stars according to Table [T] Colu mn 2 repea t s our spectral classification 
already given in Table QJ Column 3 contains spectral types from Sanduleak ( 1970l ). and Column 4 lists 
classification from other sources which are individually labeled. 



References. - (HD) Cannon & Pickerind 1918: (1 


Conti & 1 


? itzDatrick 


1991: (A) Ardebertr et al.lll972l: (I 


Walbornl 


19771 (L) 


Liu et al.ll2000L (MP) Pakulll 


1984: 


19831: (M) iMassev et al.l 19951: fSllStock et all 


1976. 



Brunet et al 



975; (R) 



Feast et al 



196 



(C) 
(W) 

(B) iBianchi fc Pakulll 1 19851 : (HQ iHutchings et alj 



19781: (F 



Fitzpa 



trick 1991 



13 



i — i — i — r 




101 06 Vz((f)) 




XXXI X XX X 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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Fig. 1. — Normalized spectrograms of stars classified as early O-type dwarfs. Wavelength in A is given on the x-axis, and 
on the y-axis thick long ticks mark the continuum flux while thin shorter ticks show the 0.8 continuum flux unit level. The 
spectral absorption features identified as reference are, from left to right by ion, He I+II A4026; Hen AA4200, 4541, 4686; and 
He I A4471 absorption. Emission lines Niv A4058 and Nm AA4634-40-42 are also identified above star 41. Three Balmer series 
lines are also identified: He A3970, H<5 A4101, and H7 A4340. 
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Fig. 2. — Same as Figure IT1 for the mid O-type dwarf stars. 
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Fig. 3. — Same as Figure[l]for the late O-type dwarf stars. Features identified as reference are, from left to right by ion, Hel 
AA4009,4026,4121,4144,4387,4471,4713; Cm AA4070,4650 blends; Siiv AA4089,4116; and Hen AA4200,4541,4686. Three Balmer 
series lines are also identified: He A3970, H<5 A4101, and H7 A4340. 
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Fig. 4. — Same as Figure[3]for the late O-type dwarf stars. In star 27 Nil! AA4634-40-42 are also identified. 
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Fig. 5. — Same as Figure [3] 
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6. — 04-09.5 giants. The spectral features identified are the same as in Figure [3] 
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7. — Late O at luminosity classes V to lb. The spectral features identified are the same as in Figure [3] 
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Fig. 8. — Late O supcrgiants. The spectral features identified arc, from left to right by ion, He I 

AA4026,4121,4144,4387,4471,4713; Siiv AA4089,4116; Hen AA4200,4541,4686; Nni AA4511-15,4634-40-42; Sim A4552; and Cm 
A4650 blend. Three Balmer series lines are also identified: He A3970, H<5 A4101, and H7 A4340. 
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Fig. 9. — O stars belonging to Onfp category. The spectral absorption features identified as reference are, from left to right 
by ion, Hcl+n A4026; Hell AA4200,4541,4686; He I AA4471,4713. Emission lines identified are: Si IV A4116; Nni AA4634-40-42; 
and Cm A4650 (see Appendix). Three Balmer series lines arc also identified: He A3970, H<5 A4101, and H7 A4340. 



22 



93 BNO Iabp 




i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i 

3900 4000 4100 4200 4300 4400 4500 4600 4700 4800 

Wavelength [A] 

Fig. 10. — Spectra of three uncommon B-type stars (See Section 3.2). The spectral features identified in star 93 are Siiv 
AA4089.4116; Nm AA4097,4511-15,4634-40-42 blend; Sim AA4552-68-75; and Cm A4650 blend. In star 16 these are He I 
AA4026,4121,4144,4387,4471,4713; Cm + Oll AA4070.4650 blends; the three Balmer series lines: He A3970, H<5 A4101, and H 7 
A4340. In star 179 the lines are identified by their respective ion and wavelengths in A. 
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Fig. 11. — Normalized spectra of stars classified as early B-type dwarf. Wavelength in A is given on the x-axis, and on the 
y-axis thick long ticks mark the continuum flux while thin shorter ticks show the 0.8 continuum flux unit level. The spectral 
absorption features identified as reference are, from left to right by ion, He I AA4009, 4026, 4121,4144,4387,4471,4713; C III + Oil 
AA4070.4650; Siiv AA4089,4116; On AA4415-17.4640; and Sim AA4552-68-75. Three Balmer series lines are also identified: He 
A3970, H<5 A4101, and H 7 A4340. 
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Fig. 12. — Same as Figure[TT] The spectral features identified are He I AA4009,4026,4121,4144,4387,4471,4713; Sim AA4552- 
68-75; and the Balmer series lines He A3970, H<5 A4101, and H7 A4340. 



25 



i — i — i — r 



64 Bl V 



92 Bl V 




a: x x: ir a: x x a w aa 

i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i L 



3900 4000 4100 4200 4300 4400 4500 4600 4700 4800 

Wavelength [A] 

13. — Same as Figure IT2l 
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Fig. 14. — Same as Figure [TT1 The spectral features identified are Hel AA4009,4026,4121,4144,4387,4471,4713; Mgn A4481; 
and three Balmer series lines He A3970, H<5 A4101, and H7 A4340. 
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Fig. 15. — Giant B stars. The spectral features identified are: Nm AA3995,4631,4643(blcnd+On); He I 
AA4009,4026,4121,4144,4387,4471,4713; Cn + On A4070; Siiv AA4089,4116; Cn A4267; On AA4415-17,4650; and Sim AA4552- 
68-75. Three Balmer series lines are also identified: He A3970, H<5 A4101, and H7 A4340. 
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16. — Same as Figurc lT5l for B stars with luminosity classes ranging from giant to supergiant, Mgn A4481 is also identified. 
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Fig. 17. — Giant stars between mid B-type and mid A-type. The spectral features identified are Call K A3933; Sin AA4128-30; 
Fell AA4172-8,4233; and Mgn A4481. Hell A4686 in emission was identified in star 38 (see Section 3.2). Three Balmer series 
lines are also identified: He A3970, H5 A4101, and H7 A4340. 
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Fig. 18. — B supergiant stars. Same lines as in Figure IT5l are identified. On AA4350,4367 are also identified in star 173. 
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Fig. 19. — From giant A3 to F0 supcrgiant stars. Lines identified in star 74 arc Call K A3933; He+Call H A3970; Mm 
A4030; Fei AA4046,4271; Sin AA4128-30; Tiii+Fcn double blends AA4172-8,4395-4400,4417,4444; Cai A4227; and Mgn A4481. 
Two Balmcr scries lines: H5 A4101 and H7 A4340 are also identified. 
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Fig. 20. — Spectral classification for those spectra which show features indicating possible spectroscopic binary origin (See 
Section 3.2). Lines identified as reference are He I AA4009,4026,4121,4144,4471,4713; Sill blend AA4128-30; Fen blend AA4172- 
78,4233; Mgn A4481; and He I A4387 dominated by the Fel+Fell blend AA4383-85 in star 76. Three Balmer series lines: He 
A3970, H<5 A4101, and H7 A4340 are also identified. 
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Fig. 21. — Spatial distribution of the stars on the sky distinguished by their spectral types, as an approximate 
indication of their evolutionary stages. The symbols are as follows: red stars, 03-05 VT and O Vz; green 
squares, 06-09 V-I and BO I; blue triangles, B0-B2 V-III and B1-B8 I. The dashed lines contour the regions 
that are zoomed in Figures [HI [231 and [2H Stars outside the contours are labelled with their ID numbers 
from Table 1. Stars inside the contours are identified in the corresponding figures. 
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Fig. 22. — Spatial distribution of stars. N159 zoomed; stars are labelled with their ID numbers from Table 1. 
Symbols denote 03-05 V-I and O Vz, red stars; 06-09 V-I and BO I, green squares; B0-B2 V-III and B1-B8 
I, blue triangles. 
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Fig. 23. — Spatial distribution of stars. N160 zoomed; stars are labelled with their ID numbers from Table 1. 
Symbols denote 03-05 V-I and O Vz, red stars; 06-09 V-I and BO I, green squares; B0-B2 V-III and B1-B8 
I, blue triangles. 



36 



36 



o 
o 
o 
w 

o 



38 



m M .r + mil* ■■ ** ~ w - , 

■ * - ' * ■.;-'.** .* ■ ■ ; * .V 

•;. ,V - .•..■.• v - . • •. Arv-.'i 1 ?-'^ 

■••: i .> ;-" -A •-. • •; vi:- . . .».; or*-;.*. ^ 
• - ■ ■ ; ; v;v > 



69 40 r- 



b i v 



* .» 



i — 



127 



r 

r« '.-179 '* 



-• ■ ■■, 



'>-V 1-48 



■ ; *i * 4 ■:■ -h;" : . ' . '■■ V. -14^7 .nay." >" v - i - ' ' 




It. 



05 h 41 m 30 s 



41 m 00 s 



ct (2000) 



Fig. 24. — Spatial distribution of stars. N160 East zoomed; stars are labelled with their ID numbers from 
Table 1. Symbols denote 03-05 V-I and O Vz, red stars; 06-09 V-I and BO I, green squares; B0-B2 V-III 
and B1-B8 I, blue triangles. 
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